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Fusion Family of Mixed Signal FPGAs
Global Clocking
Fusion devices have extensive support for multiple clocking domains. In addition to the CCC and PLL
support described above, there are on-chip oscillators as well as a comprehensive global clock
distribution network.

The integrated RC oscillator generates a 100 MHz clock. It is used internally to provide a known clock
source to the flash memory read and write control. It can also be used as a source for the PLLs.

The crystal oscillator supports the following operating modes:

• Crystal (32.768 KHz to 20 MHz)

• Ceramic (500 KHz to 8 MHz)

• RC (32.768 KHz to 4 MHz)

Each VersaTile input and output port has access to nine VersaNets: six main and three quadrant global
networks. The VersaNets can be driven by the CCC or directly accessed from the core via MUXes. The
VersaNets can be used to distribute low-skew clock signals or for rapid distribution of high-fanout nets.

Digital I/Os with Advanced I/O Standards
The Fusion family of FPGAs features a flexible digital I/O structure, supporting a range of voltages (1.5 V,
1.8 V, 2.5 V, and 3.3 V). Fusion FPGAs support many different digital I/O standards, both single-ended
and differential. 

The I/Os are organized into banks, with four or five banks per device. The configuration of these banks
determines the I/O standards supported. The banks along the east and west sides of the device support
the full range of I/O standards (single-ended and differential). The south bank supports the Analog Quads
(analog I/O). In the family's two smaller devices, the north bank supports multiple single-ended digital I/O
standards. In the family’s larger devices, the north bank is divided into two banks of digital Pro I/Os,
supporting a wide variety of single-ended, differential, and voltage-referenced I/O standards.

Each I/O module contains several input, output, and enable registers. These registers allow the
implementation of the following applications:

• Single-Data-Rate (SDR) applications 

• Double-Data-Rate (DDR) applications—DDR LVDS I/O for chip-to-chip communications

• Fusion banks support LVPECL, LVDS, BLVDS, and M-LVDS with 20 multi-drop points. 

VersaTiles
The Fusion core consists of VersaTiles, which are also used in the successful ProASIC3 family. The
Fusion VersaTile supports the following:

• All 3-input logic functions—LUT-3 equivalent 

• Latch with clear or set

• D-flip-flop with clear or set and optional enable

Refer to Figure 1-2 for the VersaTile configuration arrangement.

Figure 1-2 • VersaTile Configurations
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Fusion Family of Mixed Signal FPGAs
VersaNet Timing Characteristics
Global clock delays include the central rib delay, the spine delay, and the row delay. Delays do not
include I/O input buffer clock delays, as these are dependent upon I/O standard, and the clock may be
driven and conditioned internally by the CCC module. Table 2-5, Table 2-6, Table 2-7, and Table 2-8 on
page 2-17 present minimum and maximum global clock delays within the device Minimum and maximum
delays are measured with minimum and maximum loading, respectively.

Timing Characteristics  

Table 2-5 • AFS1500 Global Resource Timing
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V

Parameter Description
–2 –1 Std. 

Units
Min.1 Max.2 Min.1 Max.2 Min.1 Max.2

tRCKL Input Low Delay for Global Clock 1.53 1.75 1.74 1.99 2.05 2.34 ns

tRCKH Input High Delay for Global Clock 1.53 1.79 1.75 2.04 2.05 2.40 ns

tRCKMPWH Minimum Pulse Width High for Global Clock ns

tRCKMPWL Minimum Pulse Width Low for Global Clock ns

tRCKSW Maximum Skew for Global Clock 0.26 0.29 0.34 ns

Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element
located in a lightly loaded row (single element is connected to the global net).

2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element located in a
fully loaded row (all available flip-flops are connected to the global net in the row).

3. For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on page 3-9.

Table 2-6 • AFS600 Global Resource Timing
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V

Parameter Description
–2 –1 Std. 

Units
Min.1 Max.2 Min.1 Max.2 Min.1 Max.2

tRCKL Input Low Delay for Global Clock 1.27 1.49 1.44 1.70 1.69 2.00  ns 

tRCKH Input High Delay for Global Clock 1.26 1.54 1.44 1.75 1.69 2.06  ns 

tRCKMPWH Minimum Pulse Width High for Global Clock  ns 

tRCKMPWL Minimum Pulse Width Low for Global Clock  ns 

tRCKSW Maximum Skew for Global Clock 0.27 0.31 0.36  ns 

Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element
located in a lightly loaded row (single element is connected to the global net).

2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element located in a
fully loaded row (all available flip-flops are connected to the global net in the row).

3. For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on page 3-9.
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Fusion Family of Mixed Signal FPGAs
Voltage Regulator and Power System Monitor (VRPSM)
The VRPSM macro controls the power-up state of the FPGA. The power-up bar (PUB) pin can turn on
the voltage regulator when set to 0. TRST can enable the voltage regulator when deasserted, allowing
the FPGA to power-up when user want access to JTAG ports. The inputs VRINITSTATE and
RTCPSMMATCH come from the flash bits and RTC, and can also power up the FPGA.

Note: *Signals are hardwired internally and do not exist in the macro core.

Figure 2-30 • VRPSM Macro
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Table 2-17 • VRPSM Signal Descriptions

Signal Name Width Direction Function

VRPU 1 In Voltage Regulator Power-Up

0 – Voltage regulator disabled. PUB must be floated or pulled up, and the TRST
pin must be grounded to disable the voltage regulator.

1 – Voltage regulator enabled

VRINITSTATE 1 In Voltage Regulator Initial State

Defines the voltage Regulator status upon power-up of the 3.3 V. The signal is
configured by Libero SoC when the VRPSM macro is generated.

Tie off to 1 – Voltage regulator enables when 3.3 V is powered.

Tie off to 0 – Voltage regulator disables when 3.3 V is powered.

RTCPSMMATCH 1 In RTC Power System Management Match

Connect from RTCPSMATCH signal from RTC in AB

0 transition to 1 turns on the voltage regulator 

PUB 1 In External pin, built-in weak pull-up

Power-Up Bar

0 – Enables voltage regulator at all times

TRST* 1 In External pin, JTAG Test Reset

1 – Enables voltage regulator at all times

FPGAGOOD 1 Out Indicator that the FPGA is powered and functional

No need to connect if it is not used.

1 – Indicates that the FPGA is powered up and functional.

0 – Not possible to read by FPGA since it has already powered off.

PUCORE 1 Out Power-Up Core

Inverted signal of PUB. No need to connect if it is not used.

VREN* 1 Out Voltage Regulator Enable

Connected to 1.5 V voltage regulator in Fusion device internally.

0 – Voltage regulator disables

1 – Voltage regulator enables

Note: *Signals are hardwired internally and do not exist in the macro core.
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Device Architecture
DINA and DINB
These are the input data signals, and they are nine bits wide. Not all nine bits are valid in all
configurations. When a data width less than nine is specified, unused high-order signals must be
grounded (Table 2-29).

DOUTA and DOUTB
These are the nine-bit output data signals. Not all nine bits are valid in all configurations. As with DINA
and DINB, high-order bits may not be used (Table 2-29). The output data on unused pins is undefined.

Table 2-29 • Unused/Used Input and Output Data Pins for Various Supported Bus Widths

D×W
DINx/DOUTx

Unused Used

4k×1 [8:1] [0]

2k×2 [8:2] [1:0]

1k×4 [8:4] [3:0]

512×9 None [8:0]

Note: The "x" in DINx and DOUTx implies A or B.
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Device Architecture
SRAM Characteristics
Timing Waveforms      

Figure 2-50 • RAM Read for Flow-Through Output. Applicable to both RAM4K9 and RAM512x18.

Figure 2-51 • RAM Read for Pipelined Output. Applicable to both RAM4K9 and RAM512x18.
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Fusion Family of Mixed Signal FPGAs
Figure 2-52 • RAM Write, Output Retained. Applicable to both RAM4K9 and RAM512x18.

Figure 2-53 • RAM Write, Output as Write Data (WMODE = 1). Applicable to RAM4K9 Only.
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Fusion Family of Mixed Signal FPGAs
Figure 2-61 • FIFO FULL and AFULL Flag Assertion

Figure 2-62 • FIFO EMPTY Flag and AEMPTY Flag Deassertion

Figure 2-63 • FIFO FULL Flag and AFULL Flag Deassertion
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Device Architecture
The rate at which the gate voltage of the external MOSFET slews is determined by the current, Ig,
sourced or sunk by the AG pin and the gate-to-source capacitance, CGS, of the external MOSFET. As an
approximation, the slew rate is given by EQ 6.

dv/dt = Ig / CGS 

EQ 6

CGS is not a fixed capacitance but, depending on the circuitry connected to its drain terminal, can vary
significantly during the course of a turn-on or turn-off transient. Thus, EQ 6 on page 2-91 can only be
used for a first-order estimate of the switching speed of the external MOSFET.

Figure 2-75 • Gate Driver Example
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Device Architecture
Offset Error
Offset error indicates how well the actual transfer function matches the ideal transfer function at a single
point. For an ideal ADC, the first transition occurs at 0.5 LSB above zero. The offset voltage is measured
by applying an analog input such that the ADC outputs all zeroes and increases until the first transition
occurs (Figure 2-86).

Resolution
ADC resolution is the number of bits used to represent an analog input signal. To more accurately
replicate the analog signal, resolution needs to be increased. 

Sampling Rate
Sampling rate or sample frequency, specified in samples per second (sps), is the rate at which an ADC
acquires (samples) the analog input. 

SNR – Signal-to-Noise Ratio
SNR is the ratio of the amplitude of the desired signal to the amplitude of the noise signals at a given
point in time. For a waveform perfectly reconstructed from digital samples, the theoretical maximum SNR
(EQ 14) is the ratio of the full-scale analog input (RMS value) to the RMS quantization error (residual
error). The ideal, theoretical minimum ADC noise is caused by quantization error only and results directly
from the ADC’s resolution (N bits):

EQ 14

SINAD – Signal-to-Noise and Distortion
SINAD is the ratio of the rms amplitude to the mean value of the root-sum-square of the all other spectral
components, including harmonics, but excluding DC. SINAD is a good indication of the overall dynamic
performance of an ADC because it includes all components which make up noise and distortion. 

Total Harmonic Distortion
THD measures the distortion content of a signal, and is specified in decibels relative to the carrier (dBc).
THD is the ratio of the RMS sum of the selected harmonics of the input signal to the fundamental itself.
Only harmonics within the Nyquist limit are included in the measurement.

Figure 2-86 • Offset Error
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Fusion Family of Mixed Signal FPGAs
TUE – Total Unadjusted Error
TUE is a comprehensive specification that includes linearity errors, gain error, and offset error. It is the
worst-case deviation from the ideal device performance. TUE is a static specification (Figure 2-87).

ADC Operation 
Once the ADC has powered up and been released from reset, ADCRESET, the ADC will initiate a
calibration routine designed to provide optimal ADC performance. The Fusion ADC offers a robust
calibration scheme to reduce integrated offset and linearity errors. The offset and linearity errors of the
main capacitor array are compensated for with an 8-bit calibration capacitor array. The offset/linearity
error calibration is carried out in two ways. First, a power-up calibration is carried out when the ADC
comes out of reset. This is initiated by the CALIBRATE output of the Analog Block macro and is a fixed
number of ADC_CLK cycles (3,840 cycles), as shown in Figure 2-89 on page 2-111. In this mode, the
linearity and offset errors of the capacitors are calibrated. 

To further compensate for drift and temperature-dependent effects, every conversion is followed by post-
calibration of either the offset or a bit of the main capacitor array. The post-calibration ensures that, over
time and with temperature, the ADC remains consistent. 

After both calibration and the setting of the appropriate configurations, as explained above, the ADC is
ready for operation. Setting the ADCSTART signal high for one clock period will initiate the sample and
conversion of the analog signal on the channel as configured by CHNUMBER[4:0]. The status signals
SAMPLE and BUSY will show when the ADC is sampling and converting (Figure 2-91 on page 2-112).
Both SAMPLE and BUSY will initially go high. After the ADC has sampled and held the analog signal,
SAMPLE will go low. After the entire operation has completed and the analog signal is converted, BUSY
will go low and DATAVALID will go high. This indicates that the digital result is available on the
RESULT[11:0] pins.

DATAVALID will remain high until a subsequent ADCSTART is issued. The DATAVALID goes low on the
rising edge of SYSCLK as shown in Figure 2-90 on page 2-112. The RESULT signals will be kept
constant until the ADC finishes the subsequent sample. The next sampled RESULT will be available
when DATAVALID goes high again. It is ideal to read the RESULT when DATAVALID is '1'. The RESULT
is latched and remains unchanged until the next DATAVLAID rising edge.

Figure 2-87 • Total Unadjusted Error (TUE)
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Fusion Family of Mixed Signal FPGAs
Figure 2-96 • Temperature Reading Noise When Averaging is Used
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Fusion Family of Mixed Signal FPGAs
Temperature Monitor Using Analog Pad AT

External
Temperature
Monitor 
(external diode
2N3904, 
TJ = 25°C)4

Resolution 8-bit ADC 4 °C

10-bit ADC 1 °C

12-bit ADC 0.25 °C

Systematic Offset5 AFS090, AFS250, AFS600, 
AFS1500, uncalibrated7

5 °C

AFS090, AFS250, AFS600, 
AFS1500, calibrated7

±5 °C

Accuracy ±3 ±5 °C

External Sensor Source 
Current

High level, TMSTBx = 0 10 µA

Low level, TMSTBx = 1 100 µA

Max Capacitance on AT 
pad

1.3 nF

Internal
Temperature
Monitor

Resolution 8-bit ADC 4 °C

10-bit ADC 1 °C

12-bit ADC 0.25 °C

Systematic Offset5 AFS0907 5 °C

AFS250, AFS600, AFS15007 11 °C

Accuracy ±3 ±5 °C

tTMSHI Strobe High time 10 105 µs

tTMSLO Strobe Low time 5 µs

tTMSSET Settling time 5 µs

Table 2-49 • Analog Channel Specifications  (continued)
Commercial Temperature Range Conditions, TJ = 85°C (unless noted otherwise), 
Typical: VCC33A = 3.3 V, VCC = 1.5 V

Parameter Description Condition Min. Typ. Max. Units

Notes:

1. VRSM is the maximum voltage drop across the current sense resistor.
2. Analog inputs used as digital inputs can tolerate the same voltage limits as the corresponding analog pad. There is no

reliability concern on digital inputs as long as VIND does not exceed these limits.

3. VIND is limited to VCC33A + 0.2 to allow reaching 10 MHz input frequency.

4. An averaging of 1,024 samples (LPF setting in Analog System Builder) is required and the maximum capacitance
allowed across the AT pins is 500 pF.

5. The temperature offset is a fixed positive value.

6. The high current mode has a maximum power limit of 20 mW. Appropriate current limit resistors must be used, based on
voltage on the pad.

7. When using SmartGen Analog System Builder, CalibIP is required to obtain specified offset. For further details on
CalibIP, refer to the "Temperature, Voltage, and Current Calibration in Fusion FPGAs" chapter of the Fusion FPGA
Fabric User Guide.
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Fusion Family of Mixed Signal FPGAs
Table 2-51 • Uncalibrated Analog Channel Accuracy*
Worst-Case Industrial Conditions, TJ = 85°C

Total Channel 
Error (LSB)

Channel Input Offset 
Error (LSB)

Channel Input Offset 
Error (mV)

Channel Gain Error 
(%FSR)

Analog 
Pad

Prescaler 
Range (V)

Neg. 
Max. Med.

Pos. 
Max.

Neg 
Max Med.

Pos. 
Max.

Neg. 
Max. Med.

Pos. 
Max. Min. Typ. Max.

Positive Range ADC in 10-Bit Mode

AV, AC 16 –22 –2 12 –11 –2 14 –169 –32 224 3 0 –3

8 –40 –5 17 –11 –5 21 –87 –40 166 2 0 –4

4 –45 –9 24 –16 –11 36 –63 –43 144 2 0 –4

2 –70 –19 33 –33 –20 66 –66 –39 131 2 0 –4

1 –25 –7 5 –11 –3 26 –11 –3 26 3 –1 –3

0.5 –41 –12 8 –12 –7 38 –6 –4 19 3 –1 –3

0.25 –53 –14 19 –20 –14 40 –5 –3 10 5 0 –4

0.125 –89 –29 24 –40 –28 88 –5 –4 11 7 0 –5

AT 16 –3 9 15 –4 0 4 –64 5 64 1 0 –1

4 –10 2 15 –11 –2 11 –44 –8 44 1 0 –1

Negative Range ADC in 10-Bit Mode

AV, AC 16 –35 –10 9 –24 –6 9 –383 –96 148 5 –1 –6

8 –65 –19 12 –34 –12 9 –268 –99 75 5 –1 –5

4 –86 –28 21 –64 –24 19 –254 –96 76 5 –1 –6

2 –136 –53 37 –115 –42 39 –230 –83 78 6 –2 –7

1 –98 –35 8 –39 –8 15 –39 –8 15 10 –3 –10

0.5 –121 –46 7 –54 –14 18 –27 –7 9 10 –4 –11

0.25 –149 –49 19 –72 –16 40 –18 –4 10 14 –4 –12

0.125 –188 –67 38 –112 –27 56 –14 –3 7 16 –5 –14

Note: *Channel Accuracy includes prescaler and ADC accuracies. For 12-bit mode, multiply the LSB count by 4. For
8-bit mode, divide the LSB count by 4. Gain remains the same.
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Device Architecture
1.8 V LVCMOS
Low-Voltage CMOS for 1.8 V is an extension of the LVCMOS standard (JESD8-5) used for general-
purpose 1.8 V applications. It uses a 1.8 V input buffer and push-pull output buffer.

Table 2-118 • Minimum and Maximum DC Input and Output Levels

1.8 V 
LVCMOS VIL VIH VOL VOH IOL IOH IOSL IOSH IIL1 IIH2

Drive 
Strength

Min.
V

Max.
V

Min.
V

Max.
V

Max.
V

Min.
V mA mA

Max.
mA3

Max.
mA3 µA4 µA4

Applicable to Pro I/O Banks

2 mA –0.3 0.35 * VCCI 0.65 * VCCI 3.6 0.45 VCCI – 0.45 2 2 11 9 10 10

4 mA –0.3 0.35 * VCCI 0.65 * VCCI 3.6 0.45 VCCI – 0.45 4 4 22 17 10 10

6 mA –0.3 0.35 * VCCI 0.65 * VCCI 3.6 0.45 VCCI – 0.45 6 6 44 35 10 10

8 mA –0.3 0.35 * VCCI 0.65 * VCCI 3.6 0.45 VCCI – 0.45 8 8 51 45 10 10

12 mA –0.3 0.35 * VCCI 0.65 * VCCI 3.6 0.45 VCCI – 0.45 12 12 74 91 10 10

16 mA –0.3 0.35 * VCCI 0.65 * VCCI 3.6 0.45 VCCI – 0.45 16 16 74 91 10 10

Applicable to Advanced I/O Banks

2 mA –0.3 0.35 * VCCI 0.65 * VCCI 1.9 0.45 VCCI – 0.45 2 2 11 9 10 10

4 mA –0.3 0.35 * VCCI 0.65 * VCCI 1.9 0.45 VCCI – 0.45 4 4 22 17 10 10

6 mA –0.3 0.35 * VCCI 0.65 * VCCI 1.9 0.45 VCCI – 0.45 6 6 44 35 10 10

8 mA –0.3 0.35 * VCCI 0.65 * VCCI 1.9 0.45 VCCI – 0.45 8 8 51 45 10 10

12 mA –0.3 0.35 * VCCI 0.65 * VCCI 1.9 0.45 VCCI – 0.45 12 12 74 91 10 10

16 mA –0.3 0.35 * VCCI 0.65 * VCCI 1.9 0.45 VCCI – 0.45 16 16 74 91 10 10

Applicable to Standard I/O Banks

2 mA –0.3 0.35 * VCCI 0.65 * VCCI 3.6 0.45 VCCI – 0.45 2 2 11 9 10 10

4 mA –0.3 0.35 * VCCI 0.65 * VCCI 3.6 0.45 VCCI – 0.45 4 4 22 17 10 10

Notes:

1. IIL is the input leakage current per I/O pin over recommended operation conditions where –0.3 V < VIN < VIL.
2. IIH is the input leakage current per I/O pin over recommended operating conditions VIH < VIN < VCCI. Input current is

larger when operating outside recommended ranges.

3. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.

4. Currents are measured at 85°C junction temperature.

5. Software default selection highlighted in gray.

Figure 2-121 • AC Loading

Table 2-119 • AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input Low (V) Measuring Point* (V) VREF (typ.) (V) CLOAD (pF)

0 1.8 0.9 – 35

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.

Test Point
Test Point

Enable PathData Path 35 pF

R = 1 k R to VCCI for tLZ / tZL / tZLS
R to GND for tHZ / tZH / tZHS

35 pF for tZH / tZHS / tZL / tZLS
35 pF for tHZ / tLZ
2-187 Revision 6



Device Architecture
Table 2-121 • 1.8 V LVCMOS High Slew
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 1.7 V
Applicable to Pro I/Os

Drive 
Strength

 
Speed 
Grade tDOUT tDP tDIN tPY tPYS tEOUT tZL tZH tLZ tHZ tZLS tZHS

 
Units

2 mA  Std. 0.66 12.10 0.04 1.45 1.91 0.43 9.59 12.10 2.78 1.64 11.83 14.34  ns 

 –1 0.56 10.30 0.04 1.23 1.62 0.36 8.16 10.30 2.37 1.39 10.06 12.20  ns 

 –2 0.49 9.04 0.03 1.08 1.42 0.32 7.16 9.04 2.08 1.22 8.83 10.71  ns 

4 mA  Std. 0.66 7.05 0.04 1.45 1.91 0.43 6.20 7.05 3.25 2.86 8.44 9.29  ns 

 –1 0.56 6.00 0.04 1.23 1.62 0.36 5.28 6.00 2.76 2.44 7.18 7.90  ns 

 –2 0.49 5.27 0.03 1.08 1.42 0.32 4.63 5.27 2.43 2.14 6.30 6.94  ns 

8 mA  Std. 0.66 4.52 0.04 1.45 1.91 0.43 4.47 4.52 3.57 3.47 6.70 6.76  ns 

 –1 0.56 3.85 0.04 1.23 1.62 0.36 3.80 3.85 3.04 2.95 5.70 5.75  ns 

 –2 0.49 3.38 0.03 1.08 1.42 0.32 3.33 3.38 2.66 2.59 5.00 5.05  ns 

12 mA  Std. 0.66 4.12 0.04 1.45 1.91 0.43 4.20 3.99 3.63 3.62 6.43 6.23  ns 

 –1 0.56 3.51 0.04 1.23 1.62 0.36 3.57 3.40 3.09 3.08 5.47 5.30  ns 

 –2 0.49 3.08 0.03 1.08 1.42 0.32 3.14 2.98 2.71 2.71 4.81 4.65  ns 

16 mA  Std. 0.66 3.80 0.04 1.45 1.91 0.43 3.87 3.09 3.73 4.24 6.10 5.32  ns 

 –1 0.56 3.23 0.04 1.23 1.62 0.36 3.29 2.63 3.18 3.60 5.19 4.53  ns 

 –2 0.49 2.83 0.03 1.08 1.42 0.32 2.89 2.31 2.79 3.16 4.56 3.98  ns 

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Fusion Family of Mixed Signal FPGAs
Table 2-125 • 1.8 V LVCMOS High Slew
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 1.7 V
Applicable to Standard I/Os

Drive 
Strength

 Speed 
Grade tDOUT tDP tDIN tPY tEOUT tZL tZH tLZ tHZ  Units 

2 mA  Std. 0.66 11.21 0.04 1.20 0.43 8.53 11.21 1.99 1.21  ns 

 –1 0.56 9.54 0.04 1.02 0.36 7.26 9.54 1.69 1.03  ns 

 –2 0.49 8.37 0.03 0.90 0.32 6.37 8.37 1.49 0.90  ns 

4 mA  Std. 0.66 6.34 0.04 1.20 0.43 5.38 6.34 2.41 2.48  ns 

 –1 0.56 5.40 0.04 1.02 0.36 4.58 5.40 2.05 2.11  ns 

 –2 0.49 4.74 0.03 0.90 0.32 4.02 4.74 1.80 1.85  ns 

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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DC and Power Characteristics
Table 3-2 • Recommended Operating Conditions1

Symbol Parameter2 Commercial Industrial Units

TJ Junction temperature 0 to +85 –40 to +100 °C

VCC 1.5 V DC core supply voltage 1.425 to 1.575 1.425 to 1.575 V

VJTAG JTAG DC voltage 1.4 to 3.6 1.4 to 3.6 V

VPUMP Programming voltage Programming mode3 3.15 to 3.45 3.15 to 3.45 V

Operation4 0 to 3.6 0 to 3.6 V

VCCPLL Analog power supply (PLL) 1.425 to 1.575 1.425 to 1.575 V

VCCI 1.5 V DC supply voltage 1.425 to 1.575 1.425 to 1.575 V

1.8 V DC supply voltage 1.7 to 1.9 1.7 to 1.9 V

2.5 V DC supply voltage 2.3 to 2.7 2.3 to 2.7 V

3.3 V DC supply voltage 3.0 to 3.6 3.0 to 3.6 V

LVDS differential I/O 2.375 to 2.625 2.375 to 2.625 V

LVPECL differential I/O 3.0 to 3.6 3.0 to 3.6 V

VCC33A +3.3 V power supply 2.97 to 3.63 2.97 to 3.63 V

VCC33PMP +3.3 V power supply 2.97 to 3.63 2.97 to 3.63 V

VAREF Voltage reference for ADC 2.527 to 2.593 2.527 to 2.593 V

VCC15A 5 Digital power supply for the analog system 1.425 to 1.575 1.425 to 1.575 V

VCCNVM Embedded flash power supply 1.425 to 1.575 1.425 to 1.575 V

VCCOSC Oscillator power supply 2.97 to 3.63 2.97 to 3.63 V

AV, AC 6 Unpowered, ADC reset asserted or unconfigured –10.5 to 12.0 –10.5 to 11.6 V

Analog input (+16 V to +2 V prescaler range) –0.3 to 12.0 –0.3 to 11.6 V

Analog input (+1 V to + 0.125 V prescaler range) –0.3 to 3.6 –0.3 to 3.6 V

Analog input (–16 V to –2 V prescaler range) –10.5 to 0.3 –10.5 to 0.3 V

Analog input (–1 V to –0.125 V prescaler range) –3.6 to 0.3 –3.6 to 0.3 V

Analog input (direct input to ADC) –0.3 to 3.6 –0.3 to 3.6 V

Digital input –0.3 to 12.0 –0.3 to 11.6 V

AG 6 Unpowered, ADC reset asserted or unconfigured –10.5 to 12.0 –10.5 to 11.6 V

Low Current Mode (1 µA, 3 µA, 10 µA, 30 µA) –0.3 to 12.0 –0.3 to 11.6 V

Low Current Mode (–1 µA, –3 µA, –10 µA, –30 µA) –10.5 to 0.3 –10.5 to 0.3 V

High Current Mode 7 –10.5 to 12.0 –10.5 to 11.6 V

AT 6 Unpowered, ADC reset asserted or unconfigured –0.3 to 15.5 –0.3 to 14.5 V

Analog input (+16 V, +4 V prescaler range) –0.3 to 15.5 –0.3 to 14.5 V

Analog input (direct input to ADC) –0.3 to 3.6 –0.3 to 3.6 V

Digital input –0.3 to 15.5 –0.3 to 14.5 V

Notes:

1. The ranges given here are for power supplies only. The recommended input voltage ranges specific to each I/O
standard are given in Table 2-85 on page 2-157. 

2. All parameters representing voltages are measured with respect to GND unless otherwise specified.

3. The programming temperature range supported is Tambient = 0°C to 85°C.

4. VPUMP can be left floating during normal operation (not programming mode).

5. Violating the VCC15A recommended voltage supply during an embedded flash program cycle can corrupt the page being
programmed.

6. The input voltage may overshoot by up to 500 mV above the Recommended Maximum (150 mV in Direct mode),
provided the duration of the overshoot is less than 50% of the operating lifetime of the device.

7. The AG pad should also conform to the limits as specified in Table 2-48 on page 2-114.
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Fusion Family of Mixed Signal FPGAs
Theta-JA
Junction-to-ambient thermal resistance (JA) is determined under standard conditions specified by
JEDEC (JESD-51), but it has little relevance in actual performance of the product. It should be used with
caution but is useful for comparing the thermal performance of one package to another.

A sample calculation showing the maximum power dissipation allowed for the AFS600-FG484 package
under forced convection of 1.0 m/s and 75°C ambient temperature is as follows:

EQ 4

where  

EQ 5

The power consumption of a device can be calculated using the Microsemi power calculator. The
device's power consumption must be lower than the calculated maximum power dissipation by the
package. If the power consumption is higher than the device's maximum allowable power dissipation, a
heat sink can be attached on top of the case, or the airflow inside the system must be increased.

Theta-JB
Junction-to-board thermal resistance (JB) measures the ability of the package to dissipate heat from the
surface of the chip to the PCB. As defined by the JEDEC (JESD-51) standard, the thermal resistance
from junction to board uses an isothermal ring cold plate zone concept. The ring cold plate is simply a
means to generate an isothermal boundary condition at the perimeter. The cold plate is mounted on a
JEDEC standard board with a minimum distance of 5.0 mm away from the package edge.

Theta-JC
Junction-to-case thermal resistance (JC) measures the ability of a device to dissipate heat from the
surface of the chip to the top or bottom surface of the package. It is applicable for packages used with
external heat sinks. Constant temperature is applied to the surface in consideration and acts as a
boundary condition. This only applies to situations where all or nearly all of the heat is dissipated through
the surface in consideration. 

Calculation for Heat Sink 
For example, in a design implemented in an AFS600-FG484 package with 2.5 m/s airflow, the power
consumption value using the power calculator is 3.00 W. The user-dependent Ta and Tj are given as
follows:

From the datasheet:  

EQ 6

JA = 19.00°C/W (taken from Table 3-6 on page 3-7). 

TA = 75.00°C 

TJ = 100.00°C

TA = 70.00°C

JA = 17.00°C/W

JC = 8.28°C/W

Maximum Power Allowed
TJ(MAX) TA(MAX)–

JA
---------------------------------------------=

Maximum Power Allowed
100.00°C 75.00°C–

19.00°C/W
---------------------------------------------------- 1.3 W= =

P
TJ TA–

JA
------------------- 100°C 70°C–

17.00 W
------------------------------------ 1.76 W= = =
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Package Pin Assignments
PQ208

Note
For Package Manufacturing and Environmental information, visit the Resource Center at
http://www.microsemi.com/soc/products/solutions/package/default.aspx.

208-Pin PQFP

1
208
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Datasheet Information
Advance v1.0
(January 2008)

All Timing Characteristics tables were updated. For the Differential I/O Standards,
the Standard I/O support tables are new.

N/A

Table 2-3 • Array Coordinates was updated to change the max x and y values 2-9

Table 2-12 • Fusion CCC/PLL Specification was updated. 2-31

A note was added to Table 2-16 · RTC ACM Memory Map. 2-37

A reference to the Peripheral’s User’s Guide was added to the "Voltage Regulator
Power Supply Monitor (VRPSM)" section.

2-42

In Table 2-25 • Flash Memory Block Timing, the commercial conditions were
updated.

2-55

In Table 2-26 • FlashROM Access Time, the commercial conditions were missing
and have been added below the title of the table.

2-58

In Table 2-36 • Analog Block Pin Description, the function description was updated
for the ADCRESET.

2-82

In the "Voltage Monitor" section, the following sentence originally had ± 10% and it
was changed to +10%.

The Analog Quad inputs are tolerant up to 12 V + 10%. 

In addition, this statement was deleted from the datasheet:

Each I/O will draw power when connected to power (3 mA at 3 V).

2-86

The "Terminology" section is new. 2-88

The "Current Monitor" section was significantly updated. Figure 2-72 • Timing
Diagram for Current Monitor Strobe to Figure 2-74 • Negative Current Monitor and
Table 2-37 • Recommended Resistor for Different Current Range Measurement are
new.

2-90

The "ADC Description" section was updated to add the "Terminology" section. 2-93

In the "Gate Driver" section, 25 mA was changed to 20 mA and 1.5 MHz was
changed to 1.3 MHz. In addition, the following sentence was deleted:

The maximum AG pad switching frequency is 1.25 MHz.

2-94

The "Temperature Monitor" section was updated to rewrite most of the text and add
Figure 2-78, Figure 2-79, and Table 2-38 • Temperature Data Format. 

2-96

In Table 2-38 • Temperature Data Format, the temperature K column was changed
for 85°C from 538 to 358.

2-98

In Table 2-45 • ADC Interface Timing, "Typical-Case" was changed to "Worst-Case." 2-110

The "ADC Interface Timing" section is new. 2-110

Table 2-46 • Analog Channel Specifications was updated. 2-118

The "VCC15A Analog Power Supply (1.5 V)" section was updated. 2-224

The "VCCPLA/B PLL Supply Voltage" section is new. 2-225

In "VCCNVM Flash Memory Block Power Supply (1.5 V)" section, supply was
changed to supply input.

2-224

The "VCCPLA/B PLL Supply Voltage" pin description was updated to include the
following statement:

Actel recommends tying VCCPLX to VCC and using proper filtering circuits to
decouple VCC noise from PLL.

2-225

The "VCOMPLA/B Ground for West and East PLL" section was updated. 2-225
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